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1. Introduction  
Alpha-1 antitrypsin deficiency (AATD) affects approximately 3 million people worldwide (1), 
and yet its pathophysiology is poorly understood. In the lung, lack of alpha-1 antitrypsin 
leads to proteolytic damage to the connective tissue matrix, resulting in emphysema in 
approximately 75% of PiZZ patients (2). Point mutations lead to altered folding of the protein 
during biosynthesis, resulting in misfolded proteins being retained within hepatocytes (3). 
The aggregation of antitrypsin polymers within the endoplasmic reticulum (ER) of liver cells 
forms periodic acid-Schiff positive inclusions, which cause endoplasmic reticular stress, 
mitochondrial dysfunction and trigger autophagy. Hepatocytes with less abundance of 
mutant Z protein proliferate, and this chronic cycle of cell death and regeneration activates 
hepatic stellate cells and initiates hepatic fibrosis (4), although the true mechanism of injury 
is yet to be fully elucidated .  A conundrum in AATD remains the phenotypic variability in 
both lung and liver disease.  Children may experience jaundice during infancy but have no 
further complications, whilst others develop liver cirrhosis and require liver transplantation. 
The ability to predict which individuals are at highest risk of developing significant liver 
disease would be useful clinically for prognostic purposes, planning of clinical services, and 
influencing lifestyle behaviours where appropriate. For example, in AATD-related lung 
disease, cigarette smoking is the greatest predictor of lung function deterioration, and so 
smoking cessation is strongly advised in these individuals.  Here we summarise the patterns 
of presentation and prognosis in AATD-related liver disease in children and adults, and 
review the evidence for factors which may be influential in disease progression. 
 
2. AATD in Children  
AATD commonly presents in infancy with jaundice (5, 6), but it can also present with 
neonatal hepatitis, hepatosplenomegaly, or gastrointestinal haemorrhage without jaundice 
(5).  From presentation, the disease takes a varied and fluctuating course, with only a small 
proportion of children (less than 1%) developing liver failure in infancy (5, 6), with others 
making a full recovery.  A proportion (approximately 1%) of those children presenting in 
infancy recover to enjoy years of good health whilst later on developing severe disease (7) 
and require liver transplantation. This commonly occurs between the ages of 4 and 8 (8), but 
sometimes later on in the second decade of life (9, 10). Other children have no signs of 
disease during infancy but are diagnosed incidentally later in childhood following abnormal 
liver biochemistry tests (10, 11) in response to screening of family members of an affected 
individual (12). Others can present with advanced or even decompensated liver disease (11, 
13).  
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AATD more commonly affects the Caucasian population, and in a recent systematic review, 
97% of children diagnosed with the condition were of Caucasian origin (9).  Interestingly, 
although males comprise only 35% of children diagnosed with AATD, boys accounted for 
over 60% of children undergoing liver transplantation for AATD, suggesting that disease 
progression is more likely in males  (9).  
Our recent systematic review found that 8% of children with polymerogenic AATD developed 
liver cirrhosis, and 16% required liver transplantation (9). The discrepancy between these 
figures is most likely due to ascertainment bias, with a large number of studies reviewed 
arising from liver transplant centres, and so it seems likely that the proportion of children with 
AATD that will develop cirrhosis and require liver transplantation is about 10%. The reason 
that such a small proportion of individuals with polymerogenic AATD develop significant liver 
disease is unknown.  Some studies have suggested that differences in the ability of 
hepatocytes to transport polymerised proteins out of ER for degradation by proteasomes, or 
in hepatocyte autophagic degradation pathways between individuals, may play a role (14). In 
common with many chronic diseases it could be that genetic modifiers play a role, as they do 
in AATD lung disease (3) 
Multiple studies have investigated potential predictive factors for poor prognosis in children 
with AATD related liver disease, but results have been mixed. Raised aspartate 
aminotransferase (AST) at presentation, particularly in combination with gamma-glutamyl 
transferase (GGT), was found to be a risk factor for requiring liver transplantation later in life 
in one study (11), but these findings were not replicated in other studies investigating liver 
biochemistry (13).  Several studies identified jaundice, either at presentation (12, 15) or 
prolonged (>6 months) in those with neonatal hepatitis (11) as risk factors.  However, in one 
study infants with severe prolonged jaundice (conjugated serum bilirubin above 2.0 
mg/100ml at two to three months of age) went on to make a complete recovery, and another 
study looking at jaundice early in life made the same findings (16). 
Some studies have proposed liver biopsy findings as potential predictors for development of 
liver disease, albeit with mixed results. Portal fibrosis and paucity of bile ducts are the 
features most consistently found at liver biopsy in infants who progress to liver cirrhosis (17) 
and/or require liver transplantation (9, 11). 
For children with progressive disease that do require liver transplantation, outcomes are 
excellent, matching those for other indications, with no recurrence of liver disease and no 
development of AATD- related lung disease (11, 13, 18).   
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3. AATD in Adults 
As in children, disease severity and mode of presentation varies widely in adults. AATD may 
be diagnosed incidentally in an otherwise unaffected individual whilst others develop 
cirrhosis and require liver transplantation (9). Adults requiring transplantation for AATD 
related liver disease have a median age of between 34 and 54 (9) suggesting that severe 
disease presents before the 5th decade in adults. As with children, the majority (93%) of 
adults with AATD related liver disease are Caucasian. Disease progression occurs more 
commonly in males, despite the diagnosis being made equally in women and men (53% 
male), and yet 73% of those requiring transplantation are male (9).  
Increased body mass index (BMI) has been found to be a risk factor for requirement for liver 
transplantation in individuals with AATD related liver disease (10), as has concurrent viral 
infection (10, 19), and alcohol consumption (10, 20) in some studies.  It seems likely that 
concurrent liver injury from such factors accelerates disease progression in AATD, however, 
cofactors are not identified in all adults with AATD related liver disease.  
Whereas hepatocellular carcinoma (HCC) is not reported in children with AATD, its 
incidence in adults is similar to that for cirrhosis of other aetiologies, with an overall 
incidence of 1.3%. 
Just over 10% of adults presenting with AATD related liver disease develop liver cirrhosis 
and require transplantation, and outcomes following transplantation for AATD related 
disease match those for other aetiologies (8, 18). 
In summary, although there are recognised patterns of presentation for AATD-related liver 
disease, it can present at any age, and across a spectrum of disease severity. Whilst serum 
markers such as AST, GGT and bilirubin may be useful to predict disease progression, 
these factors, together with others such as biopsy findings, require more robust investigation 
through prospective studies. In the mean-time, use of non-invasive tools such as transient 
elastography (21) and Enhanced Liver Fibrosis (ELF) (22) test may help to identify those 
individuals who have liver fibrosis and are at risk of progression to cirrhosis, although 
research is required to validate this approach this cohort of patients. Finally, a better 
understanding of the pathophysiology of AATD-related liver disease may help not only to 
identify why certain individuals are more susceptible, but also contribute to the development 
of much needed treatment options.   
 
 
 
Page 4 of 7
URL: https://mc.manuscriptcentral.com/erh   Email: James.Crosby@informa.com
Expert Review of Gastroenterology & Hepatology
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review Only
Funding 
This paper was not funded. 
 
Declaration of interest 
The authors have no relevant affiliations or financial involvement with any organization or 
entity with a financial interest in or financial conflict with the subject matter or materials 
discussed in the manuscript apart from those disclosed. Peer reviewers on this manuscript 
have no relevant financial or other relationships to disclose. 
 
 
References 
Papers of special note have been highlighted as: 
* of interest 
** of considerable interest 
 
1. de Serres FJ. Alpha-1 antitrypsin deficiency is not a rare disease but a disease that is 
rarely diagnosed. Environmental Health Perspectives. 2003;111(16):1851-4. 
2. O'Brien ME, Pennycooke K, Carroll TP, Shum J, Fee LT, O'Connor C, et al. The 
impact of smoke exposure on the clinical phenotype of alpha-1 antitrypsin deficiency in 
Ireland: exploiting a national registry to understand a rare disease. COPD. 2015;12 Suppl 
1:2-9. 
3. Perlmutter DH, Brodsky JL, Balistreri WF, Trapnell BC. Molecular pathogenesis of 
alpha-1-antitrypsin deficiency-associated liver disease: a meeting review. Hepatology. 
2007;45(5):1313-23. 
*4. Teckman JH, Blomenkamp KS. Pathophysiology of Alpha-1 Antitrypsin 
Deficiency Liver Disease. Methods Mol Biol. 2017;1639:1-8. 
A concise yet comprehensive summary of the pathophysiology of AATD 
5. Psacharopoulos HT, Mowat AP, Cook PJ, Carlile PA, Portmann B, Rodeck CH. 
Outcome of liver disease associated with alpha 1 antitrypsin deficiency (PiZ). Implications for 
genetic counselling and antenatal diagnosis. Arch Dis Child. 1983;58(11):882-7. 
Page 5 of 7
URL: https://mc.manuscriptcentral.com/erh   Email: James.Crosby@informa.com
Expert Review of Gastroenterology & Hepatology
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review Only
**6. Sveger T. Liver disease in alpha1-antitrypsin deficiency detected by screening 
of 200,000 infants. N Engl J Med. 1976;294(24):1316-21. 
The first in a series of prospective studies reporting the outcomes of 186 children 
identified as having AATD through screening of 200,000 infants. Children were 
followed up to 18 years of age. 
7. Sveger T. Prospective study of children with alpha 1-antitrypsin deficiency: eight-
year-old follow-up. J Pediatr. 1984;104(1):91-4. 
8. Kemmer N, Kaiser T, Zacharias V, Neff GW. Alpha-1-antitrypsin deficiency: 
outcomes after liver transplantation. Transplant Proc. 2008;40(5):1492-4. 
**9. Townsend SA, Edgar RG, Ellis PR, Kantas D, Newsome PN, Turner AM. 
Systematic review: the natural history of alpha-1 antitrypsin deficiency, and 
associated liver disease. Aliment Pharmacol Ther. 2018;47(7):877-85. 
A recently published systematic review of all studies related to the progression and 
prognosis of AATD in children and adults. 
10. Bowlus CL, Willner I, Zern MA, Reuben A, Chen P, Holladay B, et al. Factors 
associated with advanced liver disease in adults with alpha1-antitrypsin deficiency. Clin 
Gastroenterol Hepatol. 2005;3(4):390-6. 
11. Francavilla R, Castellaneta SP, Hadzic N, Chambers SM, Portmann B, Tung J, et al. 
Prognosis of alpha-1-antitrypsin deficiency-related liver disease in the era of paediatric liver 
transplantation. J Hepatol. 2000;32(6):986-92. 
12. Kekez AM CS, Hadzic N. Medium-term outcome of children with liver disease 
secondary to PiZ alpha-1-antitrypsin deficiency. Hepatology. 2013;58:813A. 
13. Filipponi F, Soubrane O, Labrousse F, Devictor D, Bernard O, Valayer J, et al. Liver 
transplantation for end-stage liver disease associated with alpha-1-antitrypsin deficiency in 
children: pretransplant natural history, timing and results of transplantation. J Hepatol. 
1994;20(1):72-8. 
14. Perlmutter DH. Alpha-1-antitrypsin deficiency: importance of proteasomal and 
autophagic degradative pathways in disposal of liver disease-associated protein aggregates. 
Annu Rev Med. 2011;62:333-45. 
15. Pferdmenges DC, Baumann U, Muller-Heine A, Framke T, Pfister ED. Prognostic 
marker for liver disease due to alpha1-antitrypsin deficiency. Klin Padiatr. 2013;225(5):257-
62. 
16. Moroz SP, Cutz E, Cox DW, Sass-Kortsak A. Liver disease associated with alpha1-
antitrypsin deficiency in childhood. J Pediatr. 1976;88(1):19-25. 
17. Nebbia G, Hadchouel M, Odievre M, Alagille D. Early assessment of evolution of liver 
disease associated with alpha 1-antitrypsin deficiency in childhood. J Pediatr. 
1983;102(5):661-5. 
Page 6 of 7
URL: https://mc.manuscriptcentral.com/erh   Email: James.Crosby@informa.com
Expert Review of Gastroenterology & Hepatology
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review Only
18. Carey EJ, Iyer VN, Nelson DR, Nguyen JH, Krowka MJ. Outcomes for recipients of 
liver transplantation for alpha-1-antitrypsin deficiency-related cirrhosis. Liver Transpl. 
2013;19(12):1370-6. 
19. Propst A, Propst T, Ofner D, Feichtinger H, Judmaier G, Vogel W. Prognosis and life 
expectancy on alpha-1-antitrypsin deficiency and chronic liver disease. Scand J 
Gastroenterol. 1995;30(11):1108-12. 
20. Triger DR, Millward-Sadler GH, Czaykowski AA, Trowell J, Wright R. Alpha-1-
antitrypsin deficiency and liver in adults. Q J Med. 1976;45(178):B51-72. 
21. Clark V MG, Liu C, et al. Performance of Transient Elastography in Adults With α-1 
Antitrypsin Deficiency. Gastroenterology. 2016;150(4):S1054. 
22. Janciauskiene SW, Anders; Piitulainen, Eeva; Kohnlein, Thomas; Welte, Tobias; 
Sveger, Tomas. Performance of enhanced liver fibrosis plasma markers in asymptomatic 
individuals with ZZ alpha1-antitrypsin deficiency. European Journal of Gastroenterology & 
Hepatology. 2011;23(8):716-20. 
  
Page 7 of 7
URL: https://mc.manuscriptcentral.com/erh   Email: James.Crosby@informa.com
Expert Review of Gastroenterology & Hepatology
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
